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Preface
The Task Force on Environmental Cancer and Heart
and Lung Disease is an interagency group established
by the Clean Air Act Amendments of 1977. Congress
mandated the Task Force to determine the relationship
between environmental pollutants and human disease
and to recommend research aimed at reducing the in-
cidence ofenvironment-related disease. OnJuly 13-18,
1985, the Task Force sponsored a Workshop on the
Contribution of Airborne Pollutants to Respiratory
Cancer. This was a follow-on activitytothe earlierTask
Force Workshop on Environmentally Related Nonon-
cogenic Lung Disease.
Planning ofthe Workshop onthe Contribution ofAir-
borne Pollutants to Respiratory Cancer was initiated
by a group of agency scientists, chaired by Dr. Na-
thaniel Barr of the Department of Energy (Appendix
1). This Planning Committee developed the general
workshop plan and identified potential participants.
With the selection ofDr. Leon Gordis ofJohns Hopkins
University as Workshop Chairperson and Dr. Lewis
Kuller of the University of Pittsburgh as Cochairper-
son, a Program Committee was established to complete
the workshop planning (Appendix 2).
At the opening workshop session, Dr. Maria Pavlova
ofthe U.S. Environmental Protection Agency gave the
charge to the workshop and welcomed the participants
on behalf of the Task Force on Environmental Cancer
and Heart and LungDisease. Dr. FrankSpeizerofHar-
vard University presented an overview on air pollution
and respiratory cancer, which was introduced by Dr.
James L. Whittenberger ofthe University ofCalifornia
and discussed by Dr. Duncan Thomas ofthe University
of Southern California.
Panelsofscientific experts wereassembled toprepare
papers on selected airborne pollutants. These papers
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were presented at the workshop, discussed in plenary
sessions, and revised after the workshop. Each group
developed a set ofrecommendations for future research
needed to reduce uncertainties about the contribution
of the pollutant to the incidence of respiratory cancer.
Although guidelines were suggested, each panel devel-
oped its paper independently, which is reflected in the
varying style, format, and length of the papers con-
tained in this report.
In addition, a Synthesis Group (Appendix 3) provided
valuable input to the individual groups and, at the clos-
ing session, identified research needs relevant to the
broad problem of environmental disease. This discus-
sion is summarized with the General Recommendations
and included in the Executive Summary.
The report was compiled and edited by an editorial
committee, consisting ofDr. Gordis, Dr. Norton Nelson
ofNew York University, Dr. Pavlova, Dr. Speizer, and
Dr. Whittenberger. The views expressed are those of
the participating scientists and should not be construed
as representing any official agency position.
Executive Summary and General
Recommendations
TheSnowbirdWorkshoponEnvironmentally Related
Lung Cancer brought together investigators from a va-
riety of disciplines to discuss the state of knowledge,
needs, and recommendations for research for a wide
range of environmental pollutants in relation to lung
cancer. As part ofthe procedure, one basic assumption
was made. Although it was clearly understood and ac-
cepted by all that active cigarette smoking is the most
important known cause oflung cancer, the primary fo-
cus ofthis workshop was to be directed to other poten-
tial causes andhowthese otherpotentialcausesinteract
with cigarette smoking. Although a variety ofenviron-
mental and occupational agents were discussed, it was
also clear that the workshop had to be selective about
which agents would be discussed, and therefore, the
results cannot be considered comprehensive for all po-
tentially harmful agents.L. GORDIS AND L. H. KULLER
Panels were established toinclude amultidisciplinary
cadre of scientists representing environmental assess-
ment, clinical research, animal model research, epide-
miology, statistics, and risk assessment. The topics ad-
dressed by the panels were radon, formaldehyde,
organic particulates, environmental fibers, passive
smoking, and selected metals.
While the data base was different for each of the
environmental agents studied, all of the panels ad-
dressed several areas ofmajor importance:
*Assessment of exposure, particularly when the rel-
evant exposure may have occurred 25 to 30 years ago
*Relationship of exposure to actual dose, in light of
the fact that measurement ofcurrent exposure reveals
little about cumulative dose
*Extrapolation from higher levels of exposure to
those more commonly associated with community ex-
posures
*Confounding factors, which are numerous in envi-
ronmental exposure situations and may be especially
important in the relatively low range ofexcess risk as-
sociated with these pollutants
*Detection ofsignificant excess risk in environmental
exposure situations, where exposures are less severe
and in which additive or synergistic relationships may
be important
*Extrapolation of animal data to humans, since the
human exposure-response model cannot be explained
by a one-hit, single-process model.
There was general agreement that, although all of
the agents studied were animal carcinogens and prob-
ablyalso human carcinogens, each alonemayhave alow
attributable risk. However, tothedegreethattheymay
act synergistically with smoking, then reduction of
smoking or reduction of exposure to these agents may
have greater public health consequences than would be
expected from the directly measured attributable risk
of each agent separately.
General Recommendations
The final session ofthe workshop involved a group of
scientists who had participated as members-at-large
(see Synthesis Group, Appendix 3). Most ofthese came
to the workshop with no specific panel assignment and,
during the course ofthe workshop, participated in any
of the group discussions they thought would be inter-
esting or to which they thought they could contribute.
In addition to participating in all of the workshop ses-
sions, the group met separately to discuss the progress
ofthe workshop and to consider aposition forthe entire
workshop.
In the final session, after each Working Group chair-
personpresented his or herrecommendations, the Syn-
thesis Group led a general discussion that attempted to
review common themes. Many of the themes touched
upon issues of general interest and led to a series of
recommendations that were broadly applicable in a
number of areas.
Use ofAnimal Models
Recommendation 1: Investigations oftheby-prod-
ucts ofemerging technologies that result in the release
of potentially toxic agents to the environment need to
be conducted in appropriate animal models.
To understand the health impacts of environmental
agents, the efforts oftoxicologists workingwithcellular
andsubcellularmodelsonmechanismsofactioninvolved
in controlled exposure experiments must be combined
with the efforts ofclinical investigators and epidemiol-
ogists who are assessing populations that may or may
not be exposed. To some degree, all these investigators
are dependent onhavinghumanexposure dataprovided
by industrial hygienists or other air measurement ex-
perts. Because controlled exposures of humans to po-
tential carcinogens cannot be done and epidemiologic
studies often are studies of our past failures to control
exposure, it rests upon the basic scientists to evaluate
current exposure to identify potential future health ef-
fects. This information needs to be transmitted to other
specialists in a form that allows, when appropriate, hu-
man studies to be conducted.
Exposure Assessment
Recommendation 2: A program in environmental
assessment should be developed that would lead to the
establishment of reference laboratories for particular
agents. Such laboratories could be inside or outside the
Government. They would ultimately lead to centers of
excellence in environmental assessment and serve as a
resource of expertise.
One ofthe prevailing themes throughout the specific
discussions was the need for better exposure assess-
ments ofboth populations and individuals at risk ofde-
veloping lung cancer not related to smoking. Exposure
gradients frequently must be inferred from extremely
suspect data. Often, there is no mechanism for quality
assurance of the data being collected. The degree to
which strategies can be accepted and implemented to
improve environmental settings also is dependent upon
knowing the degree to which the risk will be modified
by any given intervention. We need to develop better
strategies for selecting representative locations to do
the relevant sampling that give the best estimates of
real dose or exposure, be it air, other environmental
media, or biologic markers. This requires an under-
standing of the available techniques for sampling par-
ticular agents and an active program in developingnew
technology.
Recommendation 3: Efforts to develop better ex-
posure assessment need to be developed both in terms
oftechnological improvement in monitoring equipment
and in the setting and timing of sampling for specific
testing ofthe relation between particular exposures of
interest and the potential health outcomes.
For any given health outcome, it is important to de-
termine and carry out samplingin the appropriate time
frame. The importance of cumulative exposure and/or
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peak exposure may vary with each outcome. Similarly,
if biologic monitoring is being considered, the toxico-
kinetics of any given agent must be understood to de-
termine the appropriate time frame and specimens that
should be obtained. As concern has shiftedfromgeneral
outdoor environmental pollutants to both indoor pene-
tration of ambient pollutants and contaminants gener-
ated indoors, strategies for sampling indoors, both in
terms ofpersonal samplers and area sampling, need to
be developed. In all these efforts, collaboration among
physical scientists, statisticians, epidemiologists, and
toxicologists will be increasingly required. Often, these
investigators represent diverse expertise and may not
exist in the same institutions. Mechanisms must be de-
veloped to facilitate their collaboration.
Use of Existing or Routinely Collected
Data
Recommendation 4: Centers for environmental
assessment and health data evaluation and analysis
should be developed. These could be staffed by scien-
tists, potentially from different institutions, and from
many disciplines, linked by computer.
Throughout the workshop, concern was expressed
that studies done in the past have generated consid-
erable data that have never been assessed in a coordi-
nated fashion. Many ofthese studies have not been con-
sidered adequate because often it has been impossible
to determine the reliability ofthe exposure assessment
data, or the data have been collected without adequate
attentiontoexposure informationthatmayhaveexisted
at the time of the study. For example, the Federal
Government is mandated by law to assess the health of
the nation. Through the National Center for Health
Statistics, avarietyofongoingactivities directed tothis
end are underway. Similarly, various industrial groups
are mandated tokeeprelatively extensive andcomplete
health records on their employees. Investigators have
been frustrated in the past in using these existing
sources of data because of the inability to coordinate
exposure and health information.
Mechanisms to facilitate the combining of data from
various sources and the rapid transfer ofthis informa-
tion to interested and appropriately identified investi-
gators would be an economical use of such resources.
One mechanism for establishing a program to use ex-
isting data would be the development of"Centers with-
outWalls." Existing computertechnologywould enable
communication amongenvironmentalscientists ofmany
disciplines-that is, physical scientists, industrial hy-
gienists, toxicologists, epidemiologists, and statisti-
cians-working together with perhaps a corps of re-
search associates who perform the day-to-day
operations.
Recommendation 5: Significant input into the
planning ofthe NHANES III study should be provided
by experts in environmental assessment to develop a
national profile of selected pollutants for which health
outcomes already being assessed by NHANES III can
be collected.
To avoid the frustration ofhaving retrospectively to
link health and environmental data collected for non-
related reasons in the future planning of large-scale
studies to assess the health ofthe nation, itisimportant
to consider approaches to add adequate assessment of
environmental exposures. The most dramatic example
ofsuch apotentialpossibilitydiscussed attheworkshop
was related to the upcoming National Health and Nu-
trition Examination Survey (NHANES III), which the
National Center for Health Statistics is scheduled to
begin in 1988. Standardized physical examinations are
to be performed on a nationwide probability sample of
approximately 30,000 individuals over a 6-year period.
Such a study affords a unique opportunity to link en-
vironmental measures prospectively with health out-
comes.
Interactions of Pollutants
Recommendation 6: Future research emphasis
shouldbegiventotheassessmentofboththeinteraction
effects ofan individual's total environmental exposures
and an assessment ofhow particular exposures interact
withcigarette smokingorotherpotentiallyrelevantfac-
tors.
Recommendation 7: Current histologic and diag-
nostic schemes for the pathologic classification of lung
cancer should be reassessed.
Becausehumansliveinacomplexenvironmentalmix-
ture, itbecomesincreasinglyimportantintryingtocon-
sider attributable risk to a given environmental agent
to have an understanding of the nature of the interac-
tions that may be occurring. This involves both se-
quentialexposures and directinteractions ofpotentially
toxic exposures.
Past research has focused on particular substances
for which there were overwhelming exposures. Other
substances, to which there were lowerexposures, often
have not been considered in the assessment of a total
environmental impact and when considered often have
been inappropriately discussed in defining attributable
risk. Alternative approaches are required to examine
the interactive effects of pollutants. This is especially
important in studying relatively low levels ofexposure
and risk to potentially toxic agents in conjunction with
the known high levels ofrisk associated with cigarette
smoking. One area of fruitful research was thought to
be an effort to better define the pathologic details as-
sociated with lung cancer that are believed to be as-
sociated with environmental agents other than direct
cigarette smoking. This might be carried out by an in-
dependent group, perhaps established by the National
Cancer Institute or by a professional society ofpathol-
ogists.
Training
Recommendation 8: Research training support in
environmental toxicology, epidemiology, statistics, and
5L. GORDIS AND L. H. KULLER
molecular biology in multidisciplinary centers should be
increased.
Recommendation 9: Specialized disciplinary train-
ing needs to offer opportunities for successful trainees
to work in multidisciplinary centers as part of their
postdoctoral training.
The training ofenvironmental scientists is a complex
enterprise that needs to be expanded. Individuals need
to obtain specific disciplinary skills in a setting in which
interaction with multidisciplinary activities can take
place. The specific training cannot be compromised by
lack of a critical mass of specialists. However, if the
specialty training takes place in settings without mul-
tidisciplinary exposure, it clearly will take additional
time and effort by the trainee togatherthe appropriate
perspectives to work as an environmental scientist.
There are afewsuccessfulexamples ofmultidisciplinary
training centers, and these should be used as models
for future training sites.
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